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The  purpose  of  this  study  was  to  investigate  and  develop  minimal  environ- 
mental and  electromagnetic  interference  testing  requirements  that  would  insure 
normal  survivability  aboard  ship  for  a fixed  head  mass  storage  disk  system. 
These  environmental  and  electromagnetic  interference  specifications  are  in- 
tended for  units  that  will  be  used  only  in  non- tactical  applications. 
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disk  storage  units  lent  the  Navy  their  units  for  the  purpose  of  evaluating 
the  environmental  and  electromagnetic  test  requirements.  These  units  were 
tested  at  a testing  facility  and  the  results  are  included  in  this  report. 

The  test  results  indicate  that  these  proposed  environmental  and 
electromagnetic  interference  test  requirements  can  be  satisfied  but  that 
not  all  cosmerclally  rugged i red  fixed  head  disk  storage  ui^s  can  satisfy 
them. 
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ABSTRACT 


The  purpose  of  this  study  was  to  investigate  and 
develop  minimal  environmental  and  electromagnetic  inter- 
ference testing  requirements  that  would  insure  normal 
survivability  aboard  for  a fixed  head  mass  storage  disk 
system.  These  environmental  and  electromagnetic  inter- 
ference specifications  are  intended  for  units  that  will 
be  used  only  in  non-tactical  applications. 

Minimal  environmental  and  electromagnetic  interfer- 
ence test  requirements  were  developed.  Two  different 
manufacturers  of  commercially  ruggedized  fixed  head  disk 
storage  units  lent  the  Navy  their  units  for  the  purpose  of 
evaluating  the  environmental  and  electromagnetic  test 
requirements.  These  units  were  tested  at  a testing  facil- 
ity and  the  results  are  included  in  this  report. 

The  test  results  indicate  that  these  proposed  environ- 
mental and  electromagnetic  interference  test  requirements 
can  be  satisfied  by  at  least  one  commercially  ruggedized 
fixed  head  disk  storage  unit. 
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ADMINISTRATIVE  INFORMATION 

This  study  was  produced  by  the  Computer  Science  and  Information  Sys- 
tems Division,  Computation,  Mathematics  and  Logistics  Department,  David  W. 
Taylor  Naval  Ship  Research  and  Development  Center  under  the  auspices  of 
the  Center's  Shipboard  Logistics  Data  Processing  Systems  project.  This 
project  is  funded  by  the  Research  and  Technology  Division,  Naval  Supply 
Systems  Command  (SUP  0A31C),  Task  Area  TF  53531001,  Project  F53531, 

Element  62760,  Work  Unit  Numbers  182A-001  and  182A-003. 

INTRODUCTION 

The  Navy  is  looking  for  reliable,  low  cost  mass  storage  devices  for 
non-tactical  (logistics)  application.  It  is  reasonable  to  first  consider 
buying  off-the-shelf  commercially  ruggedized  as  opposed  to  militarily 
ruggedized  equipment.  If  commercially  ruggedized  equipment  can  be  pur- 
chased and  shown  to  be  reliable  aboard  ship  in  a non-tactical  environment, 
the  cost  savings  to  the  Navy  can  be  considerable,  Commercially  ruggedized 
equipment  is  approximately  one  third  the  cost  of  militarily  ruggedized 
equipment . 
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The  objective  of  the  Shipboard  Logistics  Data  Processing  project, 
funded  by  the  Naval  Supply  Systems  Command,  is  to  develop,  integrate,  test 
and  evaluate  components  of  shipboard  logistics  data  processing  systems. 

This  project  is  to  acquire  and/or  develop  components  for  storage,  communi- 
cations and  transmission  of  logistics  data;  conduct  environmental  tests  of 
equipment  under  laboratory  conditions;  establish  software  interfaces; 
integrate  prototypes  into  shipboard  data  processing  systems;  and  conduct 
shipboard  environmental  tests  under  at-sea  or  dockside  conditions . 

Under  the  present  system  of  electronic  hardware  acquisition,  all 

equipment  which  is  designated  for  Navy  shipboard  use  must  be  subjected  to 

1* 

the  analysis  and  testing  specifications  of  MIL-E-16400G.  A review  of 
MIL-E-16400G  in  relation  to  measured  shipboard  data  indicates  that  savings 
in  time  and  money  can  be  gained  by  reducing  environmental  analysis  and 
requirements  testing.  However,  it  should  be  emphasized  that  the  reductions 
of  MIL-E-16400G  requirements  cannot  apply  to  critical  equipment;  critical 
equipment  being  that  without  which  the  ship  cannot  operate  or  perform  its 
mission.  The  reductions  of  MIL-E-16400G  would  include  only  those  tests 
and  analysis  requirements  pertaining  to  abnormal  conditions,  that  is, 
conditions  which  very  rarely  occur  aboard  an  operational  Navy  ship. 

Examples  of  such  conditions  would  be  a nearby  underwater  blast,  a nuclear 
air  blast,  and  simultaneous  high  temperature  and  high  relative  humidity. 

SPECIFICATION  DESIGN 

Specifications  for  environmental  testing  of  commercially  ruggedized 
fixed  head  disk  storage  units  were  drawn  from  two  sources:  the  Telecommun- 
ications Equipment  Low  Cost  Acquisition  Method  (TELCAM)  study  and  the  Data 
Entry  Aboard  Ship  (DEAS)  study,  as  discussed  in  the  following  two  para- 
graphs. 

Suggestions  for  eliminations  of  or  modifications  to  the  test  and 
analysis  requirements  of  MIL-E-16400G  of  the  sort  mentioned  above  were 
made  by  the  Engineering  Sciences  Department,  Naval  Electronics  Laboratory 
Center,  under  the  auspices  of  the  Center's  Low  Cost  Electronics/TELCAM 
project.  Low  Cost  Electronics  is  an  acquisition  R&D  project  which  is 

*A  complete  listing  of  references  is  given  on  page  17. 
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I 

studying  and  making  recommendations  on  ways  to  obtain  better  electronic 

equipment  at  a lower  total  cost.  TELCAM  addresses  the  use  of  existing 

commercial  and  military  equipments  in  new  military  applications.  Appendix 

2 

A of  the  Project  Manager's  Guide  Low  Cost  Electronics  Project  is  the 


TELCAM  Environmental  Study.  This  environmental  study  identifies  three 
important  environmental  conditions  that  exist  on  all  ships:  temperature, 
relative  humidity,  and  vibration.  The  TELCAM  temperature/relative  humidity 
and  vibrational  envelopes  were  chosen  as  specifications  in  the  Shipboard 
Logistics  Data  Processing  test  for  their  respective  areas. 

An  exception  to  the  relaxation  of  requirements  for  abnormal  conditions 
is  the  following  type  of  shock  not  addressed  by  MIL-E-16400G.  This  shock 
is  created  by  the  muzzle  blast  from  the  ship's  own  guns  impinging  on  exter- 
nal bulkheads.  The  severity  of  this  type  of  shock  depends  on  the  distance 
from  the  gun  muzzle  to  a bulkhead  and  the  distance  from  this  bulkhead  to 
the  equipment  mounting.  Past  attempts  to  analytically  qualify  equipment  to 
this  type  of  shock  have  met  with  little  or  no  success.  Since  the  TELCAM 
environmental  study  does  not  specify  shock  criteria,  a certain  level  of 
confidence  of  normal  operation  of  the  disk  storage  unit  under  this  type  of 
shock  could  be  obtained  by  incorporating  the  shock  specifications  of  the 
DEAS  environmental  requirements.  These  specifications  are  included  in  a 


study  made  by  SAI  Comsystems  Corporation  for  the  David  W.  Tavlor  Naval 
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Ship  Research  and  Development  Center  (DTNSRDC).  This  study  was  to 
define  the  operating  characteristics  and  specifications  for  a logistics 
and  administrative  data  entry  system  that  would  be  commercially  ruggedized 
as  opposed  to  militarily  ruggedized. 

Along  with  the  shock  specifications  previously  mentioned,  the  incli- 
nation, electromagnetic  compatibility  (EMI),  electrical  power,  altitude, 
package  drop,  and  package  vibration  specifications  of  DEAS  were  incorpo- 
rated into  the  proposed  environmental  specifications  for  the  present  disk 
storage  unit.  The  specifications  derived  from  the  TELCAM  and  DEAS  studies 
will  be  found  in  the  Appendix. 
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VERIFICATION 

Two  representative  fixed  head  disk  storage  units  were  subjected  to 

the  environmental  and  EMI/RFI  testing  requirements  at  a commercial  testing 
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facility.  This  facility  provided  a test  plan,  test  facilities,  test 
data,  and  test  reports^’^  on  both  units.  Results  of  the  testing  of  the 
representative  fixed  head  disk  storage  units  are  listed  for  each  test 
specified  in  the  Appendix. 

CONCLUSIONS 

The  proposed  environmental  and  EMI/EMC  specifications  can  be  satisfied 
by  a commercially  ruggedized  fixed  head  disk  storage  unit.  The  deviations 
from  the  specifications  by  test  item  A can  be  corrected  by  modifications  to 
the  unit.  These  modifications  are  minor  and  this  manufacturer  expects  they 
will  be  made  in  the  near  future.  One  of  the  modifications  to  this  unit  is 
a new  electromagnetic  interference  filter  on  the  input  of  the  power  line 
cord.  This  modification  will  be  sufficient  to  satisfy  the  electromagnetic 
interference  requirements  of  MIL-STD-461A,  test  CE03.  The  broad  and  narrow 
band  requirements  of  MIL-STD-461A,  test  RE02  can  be  satisfied  by  shielding 
the  signal  cable  between  the  disk  storage  unit  and  the  controller.  It  is 
unlikely  the  head  crash  that  occurred  to  this  item  while  undergoing  the 
X-axis  variable  frequency  vibration  test  can  be  attributed  to  the  low  level 
vibration  that  it  was  experiencing.  Subsequent  inspection  by  the  manufac- 
turer indicated  that  a mechanical  failure  of  the  head  to  retract  to  the 
flying  position  caused  this  catastrophic  failure.  Another  factor  indica- 
ting that  the  mechanical  failure  was  not  related  to  the  vibrational 
environment  is  the  fact  that  the  item  was  repaired  and  retested  through  a 
complete  vibration  test  and  satisfied  all  requirements.  This  item  also 
satisfied  the  requirements  of  the  shock  specifications  immediately  after 
satisfying  the  vibrational  test  requirements. 

Testing  of  test  item  B was  terminated  after  several  attempts  to  qual- 
ify this  item  to  the  vibration  test  requirements.  Vibration  testing  was 
done  on  two  of  this  manufacturer's  units  and  neither  was  able  to  satisfy 

the  requirements.  The  vibration  test  requirements  constituted  the  major  • 

problems  with  test  item  B.  The  difference  in  test  results  for  Items  A 

and  B indicates  that  some  fixed  head  disk  systems  are  more  susceptible  to  t 
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vibration  than  others.  Test  item  B also  failed  to  meet  the  temperature/ 
relative  humidity  test  requirements  and  several  of  the  EMI  test  require- 
ments. This  item  could  satisfy  the  temperature/relative  humidity  test 
requirements  if  a helium  gas  bottle  were  added  to  the  unit,  but  the 
manufacturer  chose  not  to  include  this  option  in  the  test  item.  Shielding 
of  the  appropriate  cables  could  help  this  item  to  satisfy  the  EMI  test 
requirements.  Since  testing  of  this  item  was  terminated  in  the  vibration 
testing  and  the  item  was  at  that  time  inoperable,  no  results  were  obtained 
for  the  shock  and  box  drop  tests. 

The  test  specifications  used  here  were  not  developed  to  test  equipment 
for  survivability  under  abnormal  shipboard  environments,  but  to  provide 
confidence  that  the  equipment  will  operate  in  the  usual  environments. 

Since  any  shipboard  mounted  equipment  is  constantly  exposed  to  vibration 
and  temperature/relative  humidity  environments  during  at-sea  operations, 
both  the  temperature/relative  humidity  and  the  vibration  tests  developed  by 
TELCAM  should  be  considered  as  minimum  requirements  to  determine  equipment 
survivability  under  these  conditions.  The  DEAS  shock  requirements  were 
added  to  give  additional  confidence  in  the  survivability  of  the  fixed  head 
disk  systems  in  limited  abnormal  conditions.  Whether  or  not  other  factors 
concerning  noise,  EMI,  inclination,  safety,  and  electrical  power  must  be 
included  in  a particular  test  specification  package  will  depend  on  the 
shipboard  environmental  constraints  (noise  level,  location,  energy  source, 
etc.)  to  be  met.  Similarly,  shipping  conditions  will  determine  the  neces- 
sity of  including  shipping  vibration  and  box  drop  tests. 

The  representative  test  units  were  subjected  to  these  tests  to 
determine  whether  a commercially  ruggedized  fixed  head  disk  unit  could 
meet  any  or  all  of  these  test  requirements.  The  tests  indicated  that  at 
least  one  fixed  head  disk  unit  can  meet  the  environmental  requirements 
and  at  least  one  cannot. 
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1.  DTNSRDC  REPORTS,  A FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
NICAL  VALUE.  THEY  CARRY  A CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS,  A SEMIFORMAL  SERIES.  CONTAIN  INFORMATION  OF  A PRELIM 
INARY,  TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  MEMORANDA.  AN  INFORMAL  SERIES.  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN- 
TERNAL USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A CASE  BY  CASE 
BASIS. 


